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Japanese Patent publication No.53-14914 (B) 
Published on May 20, 1978 
(Whole English Translation) 

[Title of the Invention] 

METHOD OF MANUFACTURING PLATE-SHAPED SILICON 

*Patent Application No.50-1 20736 filed on October 8, 1975 

*Patent Application Laid-Open No.52- 45868 published on April 11, 1977 

*Applicant: Hitachi, Ltd. 

[Scope of Claim] 

1 . A method of manufacturing plate-shaped silicon by pressure-molding 
silicon powders to prepare a pressurized powder body, and then, heating and 
sintering the pressurized powder body, characterized in that 

particle growth is accelerated by adding metal powders of Al, Ga, In, Sn, 
Au, Ni, Mn, Fe, Co, Pd, Pt, Ti, Cr, V into the silicon powders to be mixed 
together. 

[Detailed Description of the Invention] 

The present invention relates to a method of manufacturing 
plate-shaped silicon. 

At present, a wafer obtained by slicing a single crystal ingot is used for a 
semiconductor device in which silicon is used. For example, in the case of a 
solar cell, a wafer obtained by slicing a single crystal ingot prepared by 
Czochralski method or a floating zone method Is used, the wafer being formed 
by p-n junction. This leads to one reason for high-cost of a solar sell (e.g. 
approximately 30,000 Japanese yen/watt). Thus, such an existing solar cell 
cannot be used as a low-cost photoelectric conversion device for the purpose of 
being ground-based. 

One example raised for a method of preparing low-cost plate-shaped 
silicon is a method of slicing a polycrystal ingot However, according to the 
case of the polycrystal ingot, approximately not less than 50 % of the ingot is lost 
as well as the case of single crystal wafer. Also, a particle size of the ingot is 
limited. As a result, it is difficult to prepare plate-shaped silicon having any 
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desired size at iow cost. An alternative method may be a commonly known 
method of depositing silicon on a plate made of a metal which is not silicon or 
made of graphite by a chemical evaporation method. However, when the metal 
plate is used as a substrate, the metal of the substrate is diffused into silicon, 
thereby resulting in defects of serious deterioration in electric characteristics, or 
occurrence of film separation caused by a generally larger thermal expansion 
coefficient of the metal plate. To the contrary, in Hie case of the graphite plate, 
there are no such defects as those of the metal plate. 

An object of the present invention is to relatively easily manufacture 
piate-shaped silicon at lower cost. Then, another object of the present 
invention relates to a method of manufacturing a relatively thicker plate without 
use of a substrate which is not silicon. Particularly, a film thickness of not less 
than 100 jim needs to be used for a solar cell, according to calculation based on 
an absorbing coefficient of the silicon. 

The present inventors preliminarily applied powder metallurgy method to 
manufacturing of the plate-shaped silicon. 

As an improved method thereof, the present invention is intended for 
accelerating particle growth by adding metal powders, Al, Ga, In, Sn, Au, Ni, Mn, 
Fe, Co, Pd, Pt, Ti, Cr, V etc., into silicon powders to be mixed together. 

Hereinafter, the present invention will be concretely described by 
Examples. 

Example 1 

Example 1 relates to a method of manufacturing plate-shaped silicon. 
First of all, a silicon ingot was smashed to prepare silicon powders each having a 
particle size of approximately 3 micron. Into the silicon powders, 5 wt % of Sn 
powders having the same particle size were added, and then, mixed together 
with the silicon powders sufficiently. After that, the obtained mixture was 
inserted into a jig made of a super hard metal so as to prepare a pressurized 
powder body by pressing the mixture at a pressure of approximately 0.5 t/cm 2 . 
Then, the pressurized powder body was inserted into an electric furnace 
containing flowing refined hydrogen therein, heated to be 1300 °C, and kept in 
that state for one hour so as to be sintered. The prepared plate-shaped silicon 
was a p type -silicon having a resistivity of 1 Q and a porosity of approximately 
2.6 %. 

Example 2 

By boron diffusion into the p typed-silicon prepared in Example 1, the 
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resistivity was decreased to 10" 2 a ■ cm. 

Then, a surface of the p-typed silicon substrate was polished and etched 
with HN0 3 -HF-CH 3 COOH-based solution. 

The substrate was inserted into a silica tube containing flowing refined 
hydrogen therein, and was heated to be 1000 °C. After that, silane gas 
containing a p-typed impure substance, diborane, was poured into the tube 
so as to make a p-typed layer having a resistivity of 1 n ■ cm grow by 20 ]um on 
the substrate. Continuously, silane gas containing phosphine gas was poured 
into the glass so as to make an n-typed layer having a resistivity of 0.002 Q • cm 
grow by 0.5 \xm on the p-typed layer. A lattice electrode made of aluminum was 
deposited on the n-typed layer by vaporization, while an electrode made of 
aluminum was deposited on the p-typed layer by vaporization, thereby preparing 
a solar cell. As a result, obtained values were an open end voitage of 0.4V, a 
short circuit current of 14 mA/cm 2 , and a photoelectric conversion efficiency of 
2%. 

Example 3 

Into silicon powders each having a particle size of 3 micron, 5 wt % of Al 
powders having the same particle size were added to be mixed together with the 
silicon powders sufficiently. After that, the obtained mixture was inserted into a 
jig made of a super hard metal so as to prepare a pressurized powder body by 
pressing the mixture at a pressure of approximately 0.5 t/cm 2 . Then, the 
pressurized powder body was inserted into an eiectric furnace containing flowing 
refined hydrogen therein, heated to be 1300 "C, and kept in that state for one 
hour so as to be sintered. The prepared plate-shaped silicon was a p 
typed-silicon having a resistivity of 0.5 Q and a porosity of approximately 3 %. 

The p-typed piate-shaped silicon was used as a substrate, and then, a 
p-typed layer and an n-typed layer were grown thereon in the same manner as 
Example 2, thereby preparing a solar cell. As a result, obtained values were an 
open end voitage of 0.4V, a short circuit current of 15 mA/cm 2 , and a 
light-electricity conversion rate of 2 %. 

As explained above, three or four times decrease in the porosity was 
realized by mixing low-melting metal powders in comparison with sintering 
silicon solely, under the same conditions (namely, at the sintering temperature of 
1300 °C and the sintering time of 1 hour.) Here, the sintering temperature of 
only 1200 °C was sufficient so as to obtain the same porosity (10%) and the 
same crystal particle size as those in the case of sintering silicon solely. In 
other words, when the silicon is solely sintered and a substrate obtained by the 
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sintering is used as a substrate for a solar cell, it is necessary to perform zone 
melting in the vicinity of melting points. To the contrary, according to the 
method of the present invention of mixing low melting metal powders, a 
substance to be obtained can be used as a substrate immediately after being 
sintered at 1300 °C. 

Consequently, notably lower-cost plate-shaped silicon and of a solar cell 
can be manufactured by appropriately using the powder metallurgy method 
owing to a significant decrease in loss of the raw material, silicon, during the step 
of making the silicon plate-shaped. Furthermore, according to the present 
invention, the sintering temperature also can be lowered by mixing a low-melting 
metal, thereby contributing to cost reduction from the aspect of electricity 
consumption. As a raw material of powdered-silicon, crude metal silicon may 
be used. Using such crude metal silicon can achieve remarkable 
cost-reduction, in comparison with using poiycrystal ingot wafer or single crystal 
ingot wafer for a semiconductor device. Additionally, another advantage is that 
a plate in any desired shape can be manufactured. Especially, such a desired 
shaped-piate can realize a larger effective area than a conventional round shape 
or half-round shape, thereby contributing to cost reduction. 

The present invention has been mainly explained with examples of using 
a solar cell. There is no need to say, however, the present invention can be 
effective for manufacturing other semiconductor devices, especially, 
semiconductor devices having cost issue. 

Here, candidate metals for selection may be tow-melting metals, for 
example, Al, Ga, In and Sn, having a liquid phase in which Si dissolves. Or 
such metals may be the ones, for example, Au, Ni, Mn, Fe, Co, Pd, Pt, Ti; Cr, V, 
for preparing a eutectic composition by being mixed with Si, the prepared 
eutectic composition having a liquid phase in which Si dissolves. Such mixture 
of the metals brings sintering under tie existence of the liquid phase. In this 
case, mass-transfer based on liquid phase flow is notably rapider than the 
mass-transfer based on solid phase fusion. Furthermore, reaction on a 
boundary surface and mass-transfer between the particles are rapider in 
comparison with the case of solid phase sintering, owing to larger diffusion 
coefficient of the atom in the liquid phase. As a result, particle growth can be 
achieved in a shorter time, and a sintering body having higher density can be 
obtained. 
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